Agro-industrial by-product brewers' spent grain (BSG) is a low-value by-product of the £ ¥ brewing process consisting of the barley malt residue after mashing and lautering process. 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3 (39%) (Valverde, 1994) . The arabinose may be esterified with phenolic compounds such as £ ¨ h ydroxycinnamic acid, monomeric or dimeric ferulic acid and p-coumaric acid (Bartolomé et 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 7
Fermentation of BSG £ ¦
To prepare the BSG fermented drinkable product for RSM studies, 5 g BSG of the required £ § PS was mixed with water as per the nutrient illustration (table 2) in order to achieve the £ ¨ r equired SL ratio. This was then autoclaved at 121°C for 15 min. After cooling, the resulting ¤ © SA broth was filtered through a cheese cloth to separate the BSG particles from the water.
¤
The filtrate (50 ml) was dispensed in 250 ml Erlenmeyer flasks and autoclaved again to importance can be varied from 1 (less importance) to 5 (maximum importance). As the aim ¥ § was to achieve higher concentration of all the responses the goal was set to 'maximize' with
Where n is number of responses.
Shelf life evaluation
The optimized values of the different factors were then selected to carry out shelf life analysis of the fermented product. Fermentation under optimized conditions were carried out in 100 ml Erlenmeyer flasks containing 50 ml product for 19 h which was then refrigerated at 4°C.
Two flasks of the fermented product were withdrawn for sampling at regular intervals of 3-4 days for 30 days and analyzed for pH, lactic acid, viable cell count and phtyochemical content.
Kinetics under controlled pH
Seed culture (200 ml) was prepared as mentioned in section 2.2. Cultivation was carried out at 37˚C in a 7 L Bioflo 415 (New Brunswick, Mason Technology, Dublin, Ireland) bioreactor containing 4 L of SA broth. The reactor containing the SA broth was sterilized in situ at 121˚C for 20 min, cooled and then inoculated with 5% inoculum (v/v). Culture pH was maintained at 7.0 by automatic addition of 2 N NaOH. Samples were withdrawn at 3-4 h interval and analyzed for log cfu/ml, acid production, phytochemical content and antioxidant capacity.
Analytical methods

Estimation of viable cell count, residual sugars and organic acids
The pH of fermented BSG product was measured with a pH meter (Orion Model 520A, ATI -1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   9 determined by the standard plate method with MRS medium. The plates were incubated at 37°C for 36-48 h for cell enumeration.
Each sample of the fermented broth was centrifuged at 10,000 rpm for 10 min at 4°C. The supernatant was subjected to the analyses of organic acids and total sugar. Total sugars in the centrifuged broth were estimated by the phenol-sulphuric acid method (Dubois et al., 1956 ).
The cell-free broth was used for the determination of organic acids and sugars by HPLC. The system consisted of an HPLC column on an Alliance HPLC (Waters, e2695 Separation module) equipped with an auto sampler and controller with dual pump. The detection system consisted of a Waters 486 UV detector (210 nm) and Waters 410 Differential refractometer (RI detector) connected in series. The data acquisition and integration were performed using the Empower software package. A 20 μl of sample was injected into a thermostatically controlled compartment set at 65°C containing Rezex ROA-Organic acid H+ (8%) (350×7.8 mm, Phenomenex, U.K.) column fitted with a guard column (50 × 7.8 mm, Phenomenex, U.K.) at a flow rate of 0.6 ml/min using 0.005 M H 2 SO 4 (Sigma-Aldrich, Germany) as the mobile phase. Each sample was injected two times. Standards for the organic acids (lactic, acetic, propionic, malic and citric), alcohols (ethanol and methanol) and sugars (glucose, xylose, mannose and arabinose) were used to identify and quantify the components in the samples.
Phytochemical analysis
Total phenolic content (TPC)
The TPC in the BSG liquid product was determined using Folin-Ciocalteau's phenol reagent (Taga et al., 1984) . Absorbance of all the sample solutions against reagent blank was determined at 720 nm with a spectrophotometer (Genesys 20, Thermo Spectronic, WI, USA).
The TPC was expressed as mg gallic acid equivalents (GAE)/ml. 10 2.9.2.2 HPLC-DAD analysis of polyphenolic compounds
The HPLC system consisted of a reversed-phase HPLC column on an Alliance HPLC (Waters, e2695 Separations modules) equipped with an auto sampler and controller with dual pump, a 2998 photodiode array detector (PDA) and the Empower software. HPLC coupled with PDA was used for identification of the peaks. The PDA carried out recording of UV-vis spectrum of each peak of the chromatogram and thus allowed explicit attribution of each chromatographic peak to different class of polyphenols, since each class exhibits a characteristic UV-vis spectrum. An Atlantis C18 column (250 mm × 4.6 mm, 5µm particle size) from Waters (Waters, Milford, MA) was used for polyphenolic separation at 25ºC.
Solvent system consisted of 6% acetic acid in 2 mM/l sodium acetate (Sigma-Aldrich, Germany) (Solvent A) and acetonitrile (Fischer Scientific, UK) (Solvent B) (Jaiswal et al., 2011) . The system was run with a solvent gradient as follows: 0-15% B in 45 min, 15-30% B in 15 min, 30-50% B in 5 min and 50-100% B in 5 min. A flow rate of 1 ml/min was used and total run time for samples was 70 min. Samples and mobile phases were filtered through a 0.22μm Millipore filter (Millipore, Bedford, MA) prior to HPLC injection and 20 μl of sample was injected. The chromatograms were monitored at 280 nm (hydroxybenzoic acid) and 320 nm (hydroxycinnamic acids) and complete spectral data were recorded in the range of 220-600 nm.
Total flavonoid content (TFC)
The TFC was determined by a colorimetric method described by Liu et al., (2009) . TFC of the fermented broth was expressed as mg quercetin equivalents (QE)/ml. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65   11 This assay was carried out as described in our earlier studies (Jaiswal et al., 2011) . The ability to scavenge the DPPH radical was calculated using the following equation:
DPPH radical scavenging assay
where, A control is the absorbance of the control (DPPH solution without sample), A sample is the absorbance of the test sample (DPPH solution plus test sample) and A sample blank is the absorbance of the sample only (sample without any DPPH solution).
Ferric reducing antioxidant potential (FRAP) assay
Total antioxidant power of the fermented broth was measured using FRAP assay according to the method reported in our earlier study (Jaiswal et al., 2011) . Trolox (Sigma-Aldrich, Germany) was used as a standard and the results were expressed as mg trolox equivalents (TE)/ml.
Statistical analysis
All the experiments were carried out in triplicate and replicated at least twice. Results are expressed as average ± standard deviation (SD). Data from the Box-Behnken factorial design were subjected to a second-order multiple regression analysis using least-squares regression to obtain the parameter estimated for the mathematical model. The regression analysis and analysis of variance (ANOVA) for Box-Behnken design were carried out using the Design Expert software. Analysis of variance (ANOVA) for other experiments was done using the STATGRAPHICS Centurion XV (StatPoint Technologies, Inc., Warrenton, VA). Values of p < 0.05 were considered as statistically significant. 
Results and Discussion
Preliminary studies
Development of a new functional food demands several important factors to be considered; the most important of which are the bioactive components. In case of a fermented BSG based drinkable product, important parameters will be the content of phytochemicals (phenolic compounds and other compounds responsible for antioxidant activity) and the final viable cell population in addition to the amount of lactic acid being produced. Growth of L. plantarum in wheat and barley based media without the need of additional nutrients has been reported earlier (Patel et al., 2004) . Studies are also available wherein industrial waste such as rice straw has been successfully fermented to lactic acid (Qi et al., 2007) . However, no literature is available regarding the use of BSG for the development of a fermented drink.
Hence, initial trials were carried out to find the applicability of BSG as a medium for the growth of L. plantarum. BSG was autoclaved with water in order to allow the release of nutrients in the broth. The resulting SA broth was a homogenous liquid media with nonfermentable BSG particles in suspension. The TPC and TFC in the SA broth was found to be 183.9±3.1 mg GAE/ml and 80±1.9 mg QE/ml, respectively. The FRAP value in the SA broth was 24.3±0.4 mg TE/ml whereas the RSA was 90.3% (34.2±0.5 mg AscE/ml). The total sugar content was 3.1±0.5 g/l. In addition, the presence of free xylose (0.04 g/l), arabinose (0.03 g/l) and glucose (0.1 g/l) was also observed. This was encouraging as it was proved that heating does lead to release of nutrients and phytochemicals into the broth. However, the broth in the present state was not suitable for the development of a fermented drinkable product because of the presence of the BSG particles. Hence, a technique was developed wherein the SA broth was filtered through a cheese cloth and the filtrate was subjected to a second heat treatment (121°C for 15 min). An increment of 5.2, 1.7 and 11.8% in TPC, TFC
and FRAP values was seen in the DA broth as compared to the SA broth. There was no significant difference in the DPPH values (P>0.05). The increase could be due to the plantarum. In another study, chemically pre-treated BSG was saccharified and used as a fermentation medium without nutrient supplementation for production of lactic acid by Lactobacillus delbrueckii which produced 5.4 g/l lactic acid (Mussatto et al., 2007) .
However, fermentation resulted in a slight reduction in the phytochemical content of the fermented product but the change was not significant. Earlier studies have reported that strictly controlled fermentation by some isolated strains of lactic bacteria resulted in no change in the antioxidant potency of final sauerkraut compared to fresh vegetable (Tolonen et al., 2004) . Little or no change in the TPC for fermented cereals and tea as compared to the unfermented counterpart has been reported in other studies as well (Heong et al., 2011; Oyarekua, 2010) . Nonetheless, the results obtained in this study were encouraging as there was a release of phytochemicals from the BSG particles into the broth and the content increased as a result of the process of double autoclaving. Furthermore, the phytochemical content was not destroyed upon fermentation. Besides, the present study utilized a simple hydrothermal processing as a means to break the complex lignocellulosic material to facilitate the release the sugars, antioxidants and phenolic compounds in contrast to acid-base 14 hydrolysis method used in other studies involving non-food based application of BSG (Carvalheiro et al., 2004) .
According to these preliminary trials, it was established that BSG which is generally discarded by the brewing industry could be fermented for the development of novel beverages. Thus, further work involved obtaining conditions which would result in maximal release of these phytochemicals in the broth in addition to supporting the growth of LAB. revealed that for all the responses quadratic models resulted in the best fit. The cubic models were aliased, as expected, because the design matrix provided very few unique design points to determine all the terms in the cubic model. 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 15
Optimization of parameters by Box-Behnken design
Effect of process variables on cell growth and lactic acid production
The model summary statistics showed the quadratic model to have the minimum PRESS value and maximum predicted R 2 value and thus was chosen for fitting the experimental data.
Experimental results for the growth of L. plantarum and acid production were fitted to a full quadratic second order polynomial model by applying multiple regression analysis. 
When the values of X 1 -X 4 were substituted in the above equations, the predicted log cfu/ml for L. plantarum and the corresponding concentration of lactic acid were obtained. In order to determine the significance of the quadratic model, ANOVA analysis was conducted. The Pvalues were used as a tool to check the significance of each coefficient, which also indicated the interaction strength of each parameter. The smaller the P-values are, the bigger the significance of the corresponding coefficient. Corresponding P-values (table 3) for log cfu/ml suggested that among the different factors, X 2 (SL), (X 1 ) 2 (time × time), (X 3 ) 2 (agitation × agitation) and X 2 × X 3 (SL × agitation) were the significant model terms with a P-values less than 0.05. Therefore, they can act as limiting nutrients and a small variation in their concentrations will alter growth of L. plantarum to a considerable extent. The goodness of fit of the model was examined by F-test and the determination coefficient R 2 . The greater the F-16 value is from unity, the more certain it is that the factors explain adequately the variation in the data around its mean, and that the estimated factor effects are real. For determination the interaction of factors on different responses, the contour plots were studied in detail for all possible combinations by keeping two parameters constant at a time. Figure 1a shows the effect of PS and fermentation time on log cfu/ml. An increase in log cfu/ml was seen with an increase in the fermentation time and PS up to 17 h and 580μm, respectively. The response value decreased with a further increase in the PS or fermentation time. Similarly, contour plots (plots not shown) between time and agitation showed a positive effect of both these factors on log cfu/ml up to 16 h and 125rpm, respectively. However, an increase in the SL ratio resulted in a continuous increase in log cfu/ml in contrast to PS wherein the response value increased only up to a PS of 570μm.
P-values in case of lactic acid showed X 1 (time), X 2 (SL ratio), X 4 (PS), (X 1 ) 2 (time × time), X 1 × X 2 (time × SL) and X 2 × X 4 (SL × PS) to be significantly affecting the acid production having P<0.05 ( Figure 1b shows the contour plot between PS and agitation for lactic acid production. The contour clearly showed that PS and agitation were inversely affecting the response. An increase in agitation and a reduction in PS increased the value of the response. In contrast, contour between time and SL ratio showed an increase in the concentration of lactic acid as both the factors were continuously increased.
Effect of process variables on total phenol and total flavonoid content
The second order polynomial equation obtained to predict the TPC is: 20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 18 Figure 1c shows the two dimensional contour plot for the effect of agitation and time on the TPC that was released in the broth. An increase in the agitation showed a reduction in the TPC till 80 rpm after which the value started increasing. The determination coefficient was 0.9581, indicating a good predictability of the model. Figure 1d shows two-dimensional contour plot for the effect of agitation and PS on TFC.
Analyzing the contour showed that TFC content was increased up to a PS of 500μm with an agitation of no more than 100 rpm. In a study on extraction of phenolic compounds from grape byproducts, temperature and SL ratio were found to play the most critical role in extraction efficiency (Pinelo et al., 2005) . In another study, SL ratio was reported to be most effective for enhancing the yield of total phenolics during extraction from black currants. The content of phenolics increased with ethanol concentration up to a maximum at about 60% and then decreased with further increase in solvent concentration irrespective of the SL ratio (Cacace et al., 2003) . Figure 1e and 1f shows the two-dimensional contour plots for FRAP and DPPH, respectively.
Effect of process variables on DPPH and FRAP
In both cases, an increase in the SL ratio resulted in an increase in the respective parameter.
Examining the contour plot between time and PS further confirmed that time did not have an effect on the FRAP whereas a reduction in the FRAP values was observed after a PS of 500μm. Increase in PS has been reported to result in a reduced yield and content of antioxidants from pomegranate marc (Qu et al., 2010) .
Multi response optimization
The contour plots clearly showed the effect of different process variables on the responses.
Due to large number responses, the optimization was carried out by Numerical option of the Design expert software to achieve the best combination of input factors for obtaining maximal release of phytochemicals accompanied by a good growth of bacteria and acid 20 production. In the numerical optimization, the desired goal for each factor and response was selected. The desired goal was selected by adjusting the weight or importance that might alter the characteristics of a goal. A weight can be assigned to each goal to adjust the shape of its particular desirability function. The software then converts the goals into an overall desirability function. Desirability function ranges from zero to one for the goals and the program searches to maximize this function. Figure 2 shows a ramp desirability that was generated from 10 optimum points via numerical optimization. The program randomly picks a set of conditions from which it starts the search for desirable results. The ramp display combines the individual graphs for easier interpretation. The dot on each ramp reflects the factor setting or response prediction for that solution. The height of the dot shows how desirable a particular response is. By seeking from 10 starting points in the response surface changes, the best local maximum was found to be 10.4 log cfu/ml, 268.6 mg GAE/ml TPC, 21 that used for the experiment. However, the experiment affirms that the models developed could adequately predict the responses.
HPLC-DAD analysis of the different broths and fermented product
HPLC analysis of phenolics in the SA broth and DA broth obtained from the RSM optimized factors and fermented product was carried out to record the UV-vis spectrum. Explicit 
Shelf life analysis
The viable cell count at the end of the 19 h fermentation period was found to be 10.35 log cfu/ml. The stability of L. plantarum during storage was monitored (figure 4) and a reduction of 1.34 log cfu/ml was seen at the end of the 30 days storage period. The reduction was found to be significant (P<0.05). However, there was no significant difference in the log cfu/ml up to 15 days of storage period and the cell numbers started declining only after that. These The TPC and TFC value on day 1 was 220 ± 2.3 mg GAE/ml and 105.4 ± 5.6 mg QE/ml, respectively. There was a slight reduction in the values after 15 days of storage which were 
Fermentation in a 7-L bioreactor
In order to study the growth kinetics on a large scale, a 7L lab scale BioFlo (New Brunswick, sugar. The viable cell numbers almost became constant as the stationary phase was achieved.
The cell numbers obtained in the bioreactor were higher than those obtained when the 24 cultivation was carried out in flasks. The reason for this could be the controlled pH in the bioreactor which prevented the reduction in growth rate generally observed in flasks when fermentation is carried out under uncontrolled pH. Studies carried out under controlled pH conditions have indicated that the accumulation of acids during the fermentation is responsible for decrease in growth rate (Desjardins et al., 1990) . Volumetric productivities of L. plantarum was 2.5 × 10 12 cfu/l h. Nazzaro et al., (2008) reported the possibility of producing a functional vegetal beverage based on the growth of Lactobacillus rhamnosus and
Lactobacillus bulgaricus in carrot juice with a growth of 5 × 10 9 cfu/ml in 48 h, which corresponds to a volumetric productivity of 1.04 × 10 11 cfu/l h. However, the results of the present study are better as similar counts were obtained in shorter time resulting in higher productivity.
The consumption of sugars during the exponential phase (6-14 h) resulted in the accumulation of lactic acid (2.7 ±0.7 g/l) and acetic acid (0.4±0.01 g/l). A homofermentative metabolic pattern was observed for L. plantarum resulting in a production of mainly lactic acid and small amounts of acetic acid. Peaks for other organic acids such as propionic, malic or citric were not observed further confirming a homofermentative metabolic pathway.
Methanol and ethanol were not detected in the fermentation broth. The accumulation of lactic acid continued during the stationary phase as well although the rate of accumulation had drastically reduced. Once again the amount of lactic acid formed was higher than that obtained for the values obtained in the flasks and can be attributed to the fermentation under controlled pH conditions. However, due to the controlled pH conditions in the bioreactor the product obtained was not acidic in nature and a difference in the aroma between the product fermented in the bioreactor and that fermented in the flasks under uncontrolled pH conditions was detected .1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 25
Conclusion
Successful production of a fermented product from an industrial waste was carried out. Heat processing resulted in a release of bioactive compounds into the broth which were then retained upon the process of fermentation. The optimization of the different factors affecting the production of a functional drink established the appropriate solid liquid ratio, particle size, fermentation time and rate of agitation for completing a controlled fermentation. The finished product had high antioxidant capacity and could support the growth of LAB as well.
The phytochemical content remained unchanged during the storage period. Shelf life of the fermented liquid product was estimated to be around 15 days under refrigerated conditions.
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